Abstract. Magnetic and turbulent activity in a tokamak plasma discharge may evolve in a complex trend during the discharge. In the ISTTOK tokamak, characterised by a short 30ms pulse duration, particle confinement of the order 0.3ms and typical burst-like activity, the analysis of the time scales involved in the plasma activity is even more demanding. In this work, use is made of the Empirical Mode Decomposition (EMD) method as a tool for turbulence and MHD instability analysis obtained with Langmuir and magnetic probes, respectively. The time evolution of the energy content and wavenumber characterisation of fluctuating potential, edge plasma density and perturbed magnetic fields is investigated, with special emphasis on discharges where both limiter and electrode biasing were used to induce local sheared electric fields, thus affecting turbulence and consequently particle confinement.
INTRODUCTION
The understanding of the nature, driving mechanisms and dynamics of turbulence activity in tokamak plasmas is a major challenge in fusion research. In the ISTTOK tokamak, edge turbulence activity has been extensively studied using both limiter and electrode biasing to induce local sheared electric fields and sheared flow, thus affecting turbulence and consequently particle confinement [1] . Biasing leads to a strong modification in the radial electric field in the region just inside the limiter, resulting on a reduction in the edge turbulence and consequently to an improvement in confinement, significantly larger for negative bias when compared to that observed with positive bias as the E×B flow shear induced in the latter case is small. Observations are consistent with a reduction of the anomalous particle flux, as a result of a reduced electrostatic turbulence. In the core periphery, negative bias reduces the low frequency, large amplitude oscillations observed mainly in the I sat signal, increasing the average frequency of the fluctuations. For positive bias, the opposite behaviour is observed as the root-mean square, RMS, of the fluctuations increases significantly (~100%) during biasing. Among the different diagnostics systems available for edge analysis are: (i) an array of Langmuir probes measuring the floating potential, V f , and the ion saturation current, I sat ∝nT 1/2 (edge temperature fluctuations are negligible) and (ii) a poloidal array of 12 Mirnov coils measuring dB θ /dt, where B θ is the poloidal magnetic field.
Due to the turbulent nature of ISTTOK plasmas and the fast time scales that characterise the most common plasma discharges, not only turbulence but also MHD activity occurs at rapid bursts. Therefore, resolving the modes both spatially and during time, in particular regarding the energy/frequency spectrum, is a challenging endeavour. Here, the capabilities of the Empirical Mode Decomposition (EMD) method [2] as a diagnostic tool for turbulence and MHD instability analysis are explored. The algorithm is delineated in Section II and in Section III we present our analysis of the experimental data. In section IV we draw our conclusions. [5] [6] [7] , circumvent some of the obstacles of the SDFT, although failing to provide instantaneous amplitudes for the underlying modes composing the signal.
EMPIRICAL MODE DECOMPOSITION TECHNIQUE
A recent technique, the Hilbert-Huang Transform (HHT) [2] , is particularly suited for analysing digital nonstationary and nonlinear signals, with no apriori predefined functional orthogonal base set. The HHT algorithm relies on the Empirical Mode Decomposition (EMD) of the signal, an unconstrained decomposition of the source data function into a finite set of Intrinsic Mode Functions (IMFs). The latter are basically AM-FM waveforms with theoretically zero mean and given instantaneous frequency, that can be completely analysed by the classical Hilbert Transform. Given a signal x(t), interpolated maxima and minima envelopes are firstly determined. The residual signal detail
is then calculated, where m(t) is the mean of the two extrema envelopes. Iteratively, this detail signal ultimately converges to a zeromean signal, according to some criteria ("sifting process"). In this work we adopt the stopping criteria of Ref. 8 that is aimed at guaranteeing globally small fluctuations in the mean while taking into account locally large excursions. This final detail signal can be regarded as the first IMF and is subtracted from the original signal. The same scheme is applied to this new residual until another IMF is obtained. Once the residual becomes basically the DC trend of the signal, the process ends. A final check is required to ensure that the base elements (IMFs) that one retrieves are nearly orthogonal. For most of the data processed and shown in this paper, the index of orthogonality [2, 8] was mostly around 0.1 which is quite satisfactory.
EXPERIMENTAL RESULTS
A series of experiments aimed at assessing the role of electrode biasing, both positive and negative, on plasma turbulence in the ISTTOK tokamak have been carried out. For the wide majority of the pulses, the plasma current was 5kA, that corresponds to a high q a~6 -7, the line-averaged plasma density was 3-4x10 18 m -3 and the central electron temperature was T e~1 50ev. In this work, only negative biasing discharges will be considered and our analysis is made on Mirnov (2MHz data acquisition) and Langmuir probe signals (1MHz data acquisition). The first discharge (pulse 11672) had a −175V voltage in the electrode applied during 2ms time windows with 2ms gaps, at t=15.1 and 19.1ms, introduced 1.5cm inside the limiter, which corresponds to the core periphery region. In figure 1 the Mirnov signal (left) and the corresponding cross-spectrum (right) indicating the dominant poloidal mode numbers are shown (a 66% filtering threshold coherency is set). In this particular discharge, we may conjecture that biasing has had a strong effect over particle confinement and consequently over the peaking of some of the associated radial profiles. In fact, a m=2 mode appears to be triggered at t~16.52ms. Such a mode is usually absent in pulses with no biasing (prevalently a mixture of m=3/4 is observed). Since the region of interest corresponds to less than 600 samples, standard Fourier methods inevitably strive to track the instantaneous modes' amplitude/frequency and therefore EMD was used. In Figure 2 we show the results of both HHT and one of the member of the Cohen class TFD, namely the modified-B distribution, reputed as the TFD that offers the best compromise between time-frequency resolution and crossterm suppression among the TFDs [9] . It is worthwhile noticing that, for the TFD, a column normalisation was done for the spectral matrix to accentuate the dominant mode. There is good agreement between the two, with EMD yielding 3 dominant IMFs that cover most of the original signal, as seen in Figure 3 . Extending the analysis to other biasing pulses has confirmed the good performance of EMD in decomposing the magnetic signals according to the dominant time scales. In particular, we have verified that for numerous pulses, biasing leads to an average increase in the frequency of MHD activity as well as in turbulence activity. As shown in Figure 4 for pulse 11712 (−150V biasing voltage with 2 ms time windows with 2ms gaps, at t=15.1 and 19.1ms, and the Langmuir probes introduced 1.0cm inside the limiter radius, which corresponds to the core periphery region), during biasing the spectra of density perturbations exhibits more recurring high-frequency activity than during no biasing (See Figure 4-left panel) . Note that the density fluctuations signal shown in Figure 4 (right panel) is already a result of EMD since the larger time scale trend of the signal (that corresponds to the higher order IMFs) has been subtracted. magnetic coil data, where 5 IMFs at most are enough to describe the signal, turbulence activity has a wider spectra, thus yielding a larger number of IMFs. In addition, owing to the rather intermittent and bursty-like nature of turbulence, the instantaneous frequency of each mode function inevitably displays a wide domain of variation, more noticeable for the first IMFs, as observed in the Hilbert spectrum (see Figure 4-left) .
The EMD method has also proven useful in analysing the time-frequency characteristics of floating potential oscillations normally associated to turbulence activity. When analysing such data (pulse 11710, similar bias and probe settings as pulse 11712), in addition to a wide spectrum of fluctuations, we have also found evidence of well defined oscillations that might correlate with the MHD activity, lasting 50µs. In fact, EMD reveals that both plasma potential and magnetic fluctuations, in the time window t≈[15. .48]ms, exhibit oscillations of the order 110-130kHz (see Figure 5) . Owing to the reduced number of samples for the potential oscillations shown in Figure 5 -left, the use of the TFD has proven ineffective. It is worthwhile mentioning that, for the pulse considered, as for pulse 11672, fast bursts of m=2,3 MHD activity are present during the good confinement phase induced by biasing, as shown in Figure 6 (density and MHD fluctuations and corresponding energy content are shown in Figure 6 (left) and 6(right), respectively). 
CONCLUSIONS
In this paper, we have applied the Empirical Mode Decomposition method to the analysis of the time-frequency characteristics of both Mirnov and turbulence data from negative electrode biasing experiments carried out on the ISTTOK tokamak. A brief summary of the EMD algorithm was presented and the pertinence for the analysis of typically bursty activity that characterises both MHD and turbulence ISTTOK pulses enlightened. This entails an analysis of a rather limited stream of data samples (up to 600), an obstacle to Fourier based techniques in order to identify instantaneous amplitude/frequency. Evidence of a fast destabilisation of a m=2 mode (probably a tearing mode) during a good confinement phase, prompted by electrode biasing, has been shown, with resultant intrinsic mode functions clearly identifying the details of the magnetic signal. The destabilisation of this type of mode has been found in other shots, during the phases of good confinement induced by biasing. This may indicate a more profound effect of biasing on ISTTOK discharges, besides that of affecting transport directly at the plasma edge region. The value of the HHT to assess the time evolution of the energy content of a particular digital signal (for particular scales) as been emphasised, with application to turbulence data. Analysis of the plasma density fluctuations via HHT revealed an average increase in the frequency of the turbulence spectra related to the biasing, in concurrence with MHD activity spectra. Floating potential oscillations were also analysed with EMD, revealing intrinsic mode functions with clear growing oscillations that might be correlated with MHD activity (although with a frequency mismatch).
